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Abstract 
Intelligent modelling and optimization techniques are most demanding tools for solving the intricate optimization problems in the 
area of machining because of their capabilities of solving complex modelling and optimization problems in productions. This paper 
presents the use of the Grey Relational Analysis (GRA) for investigation of High Speed Turning of Al 7075, a high strength 
aluminium alloy used for aerospace applications. Multi-objective optimization is done using GRA for surface roughness, power 
consumption, material removal rate and cutting time which are some important parameters to decide the capability and suitability of 
high speed turning. The performance of coated and uncoated carbide cutting tool is investigated by machining Al 7075 at high 
cutting speeds. Suitable cutting parameters with appropriate cutting tool for high speed turning of Al 7075 are suggested at the end 
of investigation based on GRA results.  
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1. Introduction 
High-speed turning is emerging as a key manufacturing 
technology in aerospace industry. High-speed turning is 
generally performed on the order of five to ten times the 
conventional cutting speed. It has several advantages such as 
reduction in cutting forces and temperature, low power 
consumption, improvement in surface finish, low stress 
components, burr-free surfaces, better dimensional accuracy, 
and better part quality [1, 2]. The development of tougher, 
more refractory tool materials and of high-speed machining 
spindles has contributed to this growth in acceptance.  
High-speed machining can be used to machine parts that 
require the removal of significant amounts of material and to 
machine long, thin webs. The need throughout industry and 
the defense establishment to reduce costs and increase 
productivity has created new interest in high-speed machining 
[3].  
 
 
 
 
 
 
 
 
 
 
 
 
Nomenclature 
 
V = Cutting Speed in m/min 
 f  = Feed in mm/rev 
d  = Depth of cut in mm 
Ra  =Arithmetic average roughness in μm 
Rt  =Maximum peak to valley in μm 
Tc =Cycle Time in seconds 
P =Power Consumption in kW 
MRR =Material Removal Rate in mm3 /min 
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A large number of techniques have been implemented in 
the field of the manufacturing parameters optimization. 
Optimization problems include product design, process 
engineering, and quality control, process planning and 
different machining operations numerically, or conventionally, 
controlled. An optimization problem may be either single or 
multi-objective, depending on the number of its quality 
targets. When dealing with machining optimization problems, 
quality characteristics are usually more than one, due to high 
process complexity. The overall goal is to find solutions that 
are acceptable by the decision maker. Although in single-
objective optimization problems, it is straightforward to find 
an optimal solution, multi-objective ones provide users with 
sets of solutions, out of which one should be chosen so as to 
apply in physical systems [4]. 
Deng proposed use of principle of grey relational analysis 
to solve engineering problems [5]. He measures the degree of 
approximation among sequences using grey relational grade. 
The grey relational grade can provide knowledge of the 
factors affecting response variables.  
In a complex process such as machining, the relationship 
between various factors is unclear. Such systems often are 
called grey that give poor, incomplete and uncertain 
information. To solve such kind of problem, Grey Relational 
Analysis (GRA) is necessary [1, 6]. In grey relational analysis, 
black represents having no information and white represents 
having all information. A grey system has a level of 
information between black and white [7]. Through the grey 
relational analysis, a grey relational grade is obtained to 
evaluate the multiple performance characteristics. As a result, 
optimization of the complicated multiple performance 
characteristics can be converted into optimization of a single 
grey relational grade [8].     
The advanced technologies of the aerospace industry 
demands  the use of materials with superior properties which 
will respond to the requirements as to space, weight, reliability 
and precision in complex environments [9, 10]. Al 7075 is a 
high strength aluminium alloy suitable for aerospace 
applications. This paper describes use of GRA for 
optimization of process parameters of high speed machining 
of Al 7075.Process parameters such as cutting speed, feed, 
depth of cut ,dry and machining conditions(dry/wet) were 
considered. Performance of carbide inserts (coated and 
uncoated) were tested during machining. Response variables 
such as roughness parameters Ra and Rt, power consumption, 
cycle time and material removal  rate were considered for 
investigation. 
2. Experimental Details   
Experiments were performed on 36 work pieces of Al7075 
T6 alloy of diameter and length 35mm and 37 mm 
respectively. Kennametal make carbide tool inserts were used 
for these experiments having specification as 
SCMT09T308LF KC5025- (PVD Coated), SCMT09T308-
THM (Uncoated). CNC Turning centre machine (Batliboi 
Sprint TC 10) was used for experiments. Figure 1 shows 
workpiece and tool holder with insert during machining. 
Different cutting parameters with dry and wet machining 
conditions were used for experiments along with these 
parameters two types of carbide inserts are tested during the 
experiments as mentioned above. Details of all the process 
parameters with their levels are given in Table.1. Taguchi’s 
experimental design was used for conducting experiments. 
During the experiments power consumption and cycle was 
recorded on the display available on the machine. After 
experiments surface roughness parameters Ra and Rt were 
checked by Mitutoyo SJ 201 roughness tester with cut-off 
length 0.8 mm (Fig. 2). Material removal rate was calculated 
by using equation  
       MRR = 1000×V×f×d 
All process parameters with their actual values and all the 
measured response variables are shown in Appendix A. 
 
 
Fig. 1. Machining of Al 7075 
 
 
 
 
 
 
 
 
 
Fig. 2. Inspection set up for surface roughness and online measurement of 
power consumption 
Table. 1. Process parameters and their levels 
Parameter  Level 1 Level 2 Level 3 
 
    
Type of Insert Uncoated  Coated 
 
 
Condition 
(Wet/Dry) 
 
Dry Wet 
 
Cutting Speed 
(m/min) 
 
200 285 370 
 
Feed (mm/rev) 0.1 0.2 0.3 
 
Depth of Cut 
(mm) 
0.5 1 1.5 
3. Methodology of Grey Relational Analysis 
The procedure of GRA follows the steps described below. 
Step 1: Normalization of S/N ratios:    
The first step in Taguchi based grey relational analysis is 
normalization of the S/N ratio which is performed to prepare 
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raw data for the analysis where the original sequence is 
transferred to a comparable sequence.  Normalization of the 
S/N ratio in the range between zero and unity is also called as 
the grey relational generation .In this investigation “smaller-
the-better” criterion is used for normalization of all the 
responses as except MRR where larger is better condition is 
used which are mentioned in Eq. 1 and 2 respectively.         
 
Smaller is better                
ݔ௜כሺ݇ሻ = ௠௔௫௫೔
ሺ೚ሻሺ௞ሻȂ௫೔
ሺ೚ሻሺ௞ሻ
௠௔௫௫೔
ሺ೚ሻሺ௞ሻି௠௜௡௫೔
ሺ೚ሻሺ௞ሻ       (1) 
 
Larger is Better 
 
ݔ௜כሺ݇ሻ = ௫೔
כሺ௞ሻȂ௠௜௡௫೔బሺ௞ሻ
௠௔௫௫೔బሺ௞ሻି௠௜௡௫೔బሺ௞ሻ
   (2) 
 
Step 2: Determination of deviation sequence 
The deviation sequenceοͲ௜ሺ݇ሻ  is the absolute difference 
between the reference sequence ݔ଴כሺ݇ሻ  and the comparability 
sequence ݔ௜כሺ݇ሻafter normalization. It is determined using Eq. 
3 as: 
 
οͲ௜ሺ݇ሻ = ȁݔ଴כሺ݇ሻ െݔ௜כሺ݇ሻȁ   (3) 
 
Step 3: Determination of Grey Relational Coefficient 
GRC for all the sequences expresses the relationship 
between the ideal (best) and actual normalized S/N ratio. If the 
two sequences agree at all points, then their grey relational 
coefficient is 1. The grey relational coefficient 
ߛሺݔ଴ሺ݇ሻǡ ݔ௜ሺ݇ሻሻ can be expressed by Eq. 4. 
 
ߛሺݔ଴ሺ݇ሻǡ ݔ௜ሺ݇ሻሻ= ο೘೔೙ା఍ο೘ೌೣοబ೔ሺ௞ሻା఍ο೘ೌೣ   (4) 
 
where, Δmin is the smallest value of οͲ௜ሺ݇ሻ  = 
݉݅݊௜݉݅݊௞ȁݔ଴כሺ݇ሻ െݔ௜כሺ݇ሻȁ and Δmax is the largest value 
of οͲ௜ሺ݇ሻ = ݉ܽݔ௜݉ܽݔ௞ȁݔ଴כሺ݇ሻ െݔ௜כሺ݇ሻȁ ,ݔ଴כሺ݇ሻ   is the 
ideal normalized S/N ratio, ݔ௜כሺ݇ሻ  is the normalized 
comparability sequence, and ζ is the distinguishing 
coefficient. The value of ζ can be adjusted with the systematic 
actual need and defined in the range between 0 and 1; here it 
is taken as 0.5. 
 
Step 4: Determination of Grey Relational Grade 
The overall evaluation of the multiple performance 
characteristics is based on the Grey Relational Grade (GRG). 
The grey relational grade is an average sum of the grey 
relational coefficients which is defined as follows: 
 
ߛሺݔ௢ǡݔ௜ሻ = ଵ௠෌ ߛሺݔ଴ሺ݇ሻǡ ݔ௜ሺ݇ሻሻ
௠
୧ୀଵ   (5) 
  
(The normalized data with grey relational coefficient and 
corresponding GRG with their ranks are mentioned in 
APPENDIX.B) 
 
Step 5: Determination of Optimal parameters. 
The grey relational grade calculated for each sequence is 
taken as a response for the further analysis. The larger-the-
better quality characteristic was used for analyzing  
the GRG, since a larger value indicates the better performance 
of the process. The response table of Taguchi method was 
employed here to calculate the average grey relational grade 
for each factor level (Table 2).  
Table.2. Response Table for GRG  
(Bold number indicates optimal parameter level) 
4. Results Analysis 
The grouping of the grey relational grades was initially 
done by the factor level for each column in the orthogonal 
array and then by averaging them. 
From the response table of GRG (Table 2), it is clear that 
second level of insert (i.e. coated), first level of machining 
condition (i.e. Dry), first levels speed ,feed and  depth of cut  
(i.e. 200 m/min ,0.1 mm/rev and 0.5 mm respectively) are the 
optimal parameters for the high speed machining of Al 7075 
for above conditions. It can be also seen from Table 2 and Fig. 
3 that GRG feed is the most significant parameter in high 
speed machining of Al 7075. After feed, the sequence of 
effect of process parameter in turning of Al 7075 is: cutting 
speed, machining condition, insert type and depth of cut. 
 
UncoatedCoated
0.65
0.60
0.55
0.50
WetDry 370285200
0.30.20.1
0.65
0.60
0.55
0.50
1.51.00.5
Type
M
e
a
n
Condition V (m/min.)
f (mm/rev.) Depth of cut  ( mm )
Main Effects Plot for GRG
 
Fig. 3. AOM plot for Grey Relational Grade 
5. Conclusion 
Multi-objective Optimization for High Speed Turning of Al 
7075 Grey Relational Analysis is discussed in this paper. 
Based on the analysis following conclusions can be made. 
x Grey Relational Analysis is very effective technique for 
optimization of machining processes which involves 
multiple responses. 
Sr. 
No. 
 
Factors  Level 1 Level 2 Level 3 Max-Min Rank 
       
1 Insert 0.554 0.567  0.013 4 
2 Condition 0.558 0.499  0.059 3 
3 Cutting 
Speed 
0.600 0.549 0.532 0.068 2 
4 Feed 0.637 0.542 0.503 0.134 1 
5 Depth of 
Cut 
0.559 0.558 0.557 0.002 5 
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x The recommended cutting parameters for high speed 
turning of Al 7075 are 200 m/min Speed 0.1 mm/rev 
feed and 0.5 mm with coated carbide insert and dry 
machining conditions. 
Acknowledgements 
The authors would like to acknowledge final year UG 
students Ajay, Kaushik, Shrirang, Varun and Vijay from 
DYPCET for their help during the experimentation.   
APPENDIX.A  
Process Parameters and Response Variables for L36 Array 
Parameters Results 
Job No. Type Condition V (m/min.) 
f 
(mm/rev.) 
Depth of 
cut  ( mm ) 
Ra 
 (μm) 
Rt 
 (μm) 
Time 
(sec) MRR Power 
1 Uncoated Dry 200 0.1 0.5 0.517 3.918 18 10000 0.825 
2 Uncoated Dry 285 0.2 1 1.747 7.850 15 57000 1.98 
3 Uncoated Dry 370 0.3 1.5 3.411 14.286 17 166500 4.07 
4 Uncoated Dry 200 0.1 0.5 0.612 4.653 18 10000 0.825 
5 Uncoated Dry 285 0.2 1 1.728 13.236 15 57000 1.98 
6 Uncoated Dry 370 0.3 1.5 3.341 14.278 17 166500 4.07 
7 Uncoated Dry 200 0.1 1 0.292 2.992 18 20000 1.045 
8 Uncoated Dry 285 0.2 1.5 1.431 7.062 15 85500 2.585 
9 Uncoated Dry 370 0.3 0.5 3.544 14.364 16 55500 2.145 
10 Uncoated Wet 200 0.1 1.5 0.639 4.453 18 30000 1.32 
11 Uncoated Wet 285 0.2 0.5 1.402 6.429 17 28500 1.485 
12 Uncoated Wet 370 0.3 1 4.016 16.287 16 111000 3.19 
13 Uncoated Wet 200 0.2 1.5 1.455 6.682 18 60000 1.815 
14 Uncoated Wet 285 0.3 0.5 3.441 14.402 15 42750 1.65 
15 Uncoated Wet 370 0.1 1 0.744 4.894 19 37000 2.035 
16 Uncoated Wet 200 0.2 1.5 1.630 7.019 14 60000 1.87 
17 Uncoated Wet 285 0.3 0.5 3.437 14.980 14 42750 1.65 
18 Uncoated Wet 370 0.1 1 0.556 3.431 19 37000 1.98 
19 Coated Dry 200 0.2 0.5 1.595 7.060 14 20000 3.85 
20 Coated Dry 285 0.3 1 3.508 14.779 14 85500 2.365 
21 Coated Dry 370 0.1 1.5 0.628 5.346 19 55500 2.53 
22 Coated Dry 200 0.2 1 1.615 6.766 14 40000 1.375 
23 Coated Dry 285 0.3 1.5 3.652 15.451 14 128250 3.025 
24 Coated Dry 370 0.1 0.5 0.611 4.119 19 18500 1.43 
25 Coated Dry 200 0.3 1 3.655 15.470 12 60000 1.65 
26 Coated Dry 285 0.1 1.5 0.556 3.693 18 42750 1.87 
27 Coated Dry 370 0.2 0.5 1.800 8.558 17 37000 1.76 
28 Coated Wet 200 0.3 1 3.457 14.454 12 60000 1.65 
29 Coated Wet 285 0.1 1.5 0.692 4.887 18 42750 1.87 
30 Coated Wet 370 0.2 0.5 0.692 4.263 19 37000 1.43 
31 Coated Wet 200 0.3 1.5 3.627 16.124 12 90000 2.2 
32 Coated Wet 285 0.1 0.5 0.650 4.206 18 14250 1.045 
33 Coated Wet 370 0.2 1 1.660 7.020 17 74000 2.53 
34 Coated Wet 200 0.3 0.5 3.669 14.501 12 30000 1.045 
35 Coated Wet 285 0.1 1 0.496 3.161 18 28500 1.485 
36 Coated Wet 370 0.2 1.5 1.665 7.927 17 111000 3.3 
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APPENDIX.B 
 
Normalized data with Grey Relational Coefficient and corresponding Grey Relational Grades with their ranks  
(Bold number indicate highest grey relational grade) 
 
Exp 
no. 
Normalized Data Grey Relational Coefficient 
Grey 
Relational 
Grades 
Rank 
Ra Rt Tc MRR P Ra Rt Tc MRR P  
1 0.939 0.930 0.143 0 1.002 0.892 0.878 0.368 0.333 1.003 0.695 2 
2 0.609 0.635 0.571 0.300 0.645 0.561 0.578 0.538 0.417 0.585 0.536 22 
3 0.163 0.150 0.286 1 0.000 0.374 0.371 0.412 1 0.333 0.498 30 
4 0.914 0.875 0.143 0 1.002 0.853 0.800 0.368 0.333 1.003 0.672 3 
5 0.614 0.230 0.571 0.300 0.645 0.565 0.394 0.538 0.417 0.585 0.500 28 
6 0.181 0.151 0.286 1 0.000 0.379 0.371 0.412 1.000 0.333 0.499 29 
7 1 1 0.143 0.064 0.934 1 1 0.368 0.348 0.883 0.720 1 
8 0.694 0.694 0.571 0.482 0.458 0.621 0.620 0.538 0.491 0.480 0.550 20 
9 0.127 0.145 0.429 0.291 0.594 0.364 0.369 0.467 0.413 0.552 0.433 35 
10 0.907 0.890 0.143 0.128 0.849 0.843 0.820 0.368 0.364 0.768 0.633 6 
11 0.702 0.742 0.286 0.118 0.798 0.627 0.659 0.412 0.362 0.712 0.554 19 
12 0 0 0.429 0.645 0.272 0.333 0.333 0.467 0.585 0.407 0.425 36 
13 0.688 0.722 0.143 0.319 0.696 0.616 0.643 0.368 0.424 0.622 0.535 23 
14 0.154 0.142 0.571 0.209 0.747 0.372 0.368 0.538 0.387 0.664 0.466 34 
15 0.879 0.857 0 0.173 0.628 0.805 0.778 0.333 0.377 0.573 0.573 15 
16 0.641 0.697 0.714 0.319 0.679 0.582 0.623 0.636 0.424 0.609 0.575 14 
17 0.156 0.098 0.714 0.209 0.747 0.372 0.357 0.636 0.387 0.664 0.483 32 
18 0.929 0.967 0 0.173 0.645 0.876 0.938 0.333 0.377 0.585 0.622 9 
19 0.650 0.694 0.714 0.064 0.068 0.588 0.620 0.636 0.348 0.349 0.508 25 
20 0.137 0.113 0.714 0.482 0.526 0.367 0.361 0.636 0.491 0.513 0.474 33 
21 0.910 0.823 0 0.291 0.475 0.847 0.738 0.333 0.413 0.488 0.564 17 
22 0.645 0.716 0.714 0.192 0.832 0.585 0.638 0.636 0.382 0.748 0.598 11 
23 0.098 0.063 0.714 0.756 0.323 0.357 0.348 0.636 0.672 0.425 0.487 31 
24 0.914 0.915 0.000 0.054 0.815 0.854 0.855 0.333 0.346 0.730 0.624 8 
25 0.097 0.061 1 0.319 0.747 0.356 0.348 1 0.424 0.664 0.558 18 
26 0.929 0.947 0.143 0.209 0.679 0.876 0.905 0.368 0.387 0.609 0.629 7 
27 0.595 0.581 0.286 0.173 0.713 0.553 0.544 0.412 0.377 0.635 0.504 27 
28 0.150 0.138 1 0.319 0.747 0.370 0.367 1 0.424 0.664 0.565 16 
29 0.893 0.857 0.143 0.209 0.679 0.823 0.778 0.368 0.387 0.609 0.593 13 
30 0.893 0.904 0 0.173 0.815 0.823 0.840 0.333 0.377 0.730 0.621 10 
31 0.105 0.012 1 0.511 0.577 0.358 0.336 1 0.506 0.542 0.548 21 
32 0.904 0.909 0.143 0.027 0.934 0.839 0.846 0.368 0.339 0.883 0.655 5 
33 0.633 0.697 0.286 0.409 0.475 0.576 0.623 0.412 0.458 0.488 0.511 24 
34 0.093 0.134 1 0.128 0.934 0.355 0.366 1 0.364 0.883 0.594 12 
35 0.945 0.987 0.143 0.118 0.798 0.901 0.975 0.368 0.362 0.712 0.664 4 
36 0.631 0.629 0.286 0.645 0.238 0.576 0.574 0.412 0.585 0.396 0.508 26 
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